There is an increasing need for reliable information concerning the source of the suspended sediment transported by rivers. Such information is required both to design effective sediment and non-point pollution control strategies and to provide an improved understanding of erosion and suspended sediment transport within a watershed. In some situations, there are many developing methods of fingerprinting to determine the contribution of sediment sources via the streambed sediment. In this study, compound-specific stable isotope (CSSI) fingerprint has been used to determine sediment source contribution in Pasir Buncir micro-watershed, Bogor, West Java. CSSI method is a newly developed technique in sediment sources contribution determination. This new technique is considered to be a very accurate technique for identifying the sediment sources contribution, especially in a watershed that has relatively similar soil types. This technique has been applied to studying the sediment source contribution study in a watershed with three different land uses with mostly clay loam soil type. One sample from each of three different land uses was collected vertically from the 0-2 cm depth range. Streambed sediment from the nearest outlet from the micro-watershed was also collected. Soil and streambed sediment samples were analyzed for  13 C of bulk organic carbon and CSSI contents. The  13 C of bulk organic carbon and CSSI contents analysis showed that all the three different land uses (one-season crop, intercropping, and pine forest) contributed to streambed sediment; approximately 79.2 % was from cultivated land of one-season crop, 15.2 % from intercropping land, and 5.6 % from pine forest.
INTRODUCTION 
Sediment source contribution information is very important for sustainable watershed management implementation. Sediment source contribution information can be used as starting point to develop sediment budget and land use management model in the watershed.
Sediment source contribution study involves several parameters such as land use, intensity and distribution of rain, soil type, and the variation of slopes of the watershed. The sediment source contribution study will be more complicated if the watershed has the same soil type. Several methods that are based on fingerprinting techniques have been developed [1] . These methods are alternative properties of soil particles and sediments. Biochemical properties of soil particles and sediments cover organic materials (e.g., C, N, P), biomarker (e.g., lignin, glucose, and acid fat), stable isotopes (e.g., δ 15 N, δ 13 C), and organic chemicals (e.g., pesticides). These properties are used to relate downstream sediment with source contributors. Physical properties of soil particles and sediments covers particle size distribution, particle shape, and aggregation and disaggregation of particles. Studies on soil and sediments properties such as fingerprint techniques to identify erosion and sediment source identification have grown in the last decades. Currently, several researchers have given special attention to biochemical properties of soil particles and sediments especially biomarker and stable isotopes properties. The combination of biomarker and stable isotopes properties of soil particles and sediments is known as compound-specific stable isotopes (CSSI).
A general basic assumption in fingerprint techniques is that each potential sediment source site has distinct geochemical characteristics. Fallout radionuclide activity, one of geochemical characteristics, has been used in many studies such as determining the relative contribution of channel, gully, sheet, interrill, and rill erosions in an erosion process [8, 9] . Fallout radionuclide activity has also been used to determine erosion relative contribution from different land uses [5] . Fallout radionuclide activity, along with Na, Mg, Al, Si, P, K, Ca, Ti, Mn, and Fe chemical content analyses, has successfully identified bacterial bloom process in lakes [10] . Physical properties of soil particles and sediments have not been helpful in erosion and sediment source contribution studies.
Research activities on sediment dynamic in a watershed, using biochemical properties of soil particles and sediment, have grown very fast in the last few years. Biochemical properties of soil particles and sediment have been used to determine organic matter contribution in streambeds [11] ; to determine sediment source contribution through long-chain n-alkane compound biomarker [12] ; to reconstruct land use change process in watersheds through the age and n-alkane sediment [13] ; and to identify onshore sediment source through stable isotope (δ 13 C) analysis [14] .
The application of CSSI as a main tracer in sediment fingerprint study has grown in Europe, North America, South America, and East Asia regions. This technique has not been used widely in South East Asia region due to the lack of isotope ratio mass spectrometry-gas chromatography (IRMS-GC) facilities. In Indonesia, this technique was adopted through Indonesian participation in regional projects sponsored by the International Atomic Energy Agency (IAEA) such as regional project RAS 5055 and regional project RAS 5069.
In CSSI technique, the relative content of 13 C (δ 13 C) of bulk soil as well as streambed sediment is assumed as a representation of the δ 13 C of the straight-chain fatty acid of its main composer [15] . This technique measures δ 13 C of saturated fatty acid at each potential sediment source and at the streambed sediment within watershed with a relatively homogeneous soil type. By this technique, the contribution of each land use to the total sediment bed can be apportioned.
A fatty acid is an organic acid that occurs in a natural triglyceride and is a monocarboxylic acid with 4 to 28 carbon atoms in straight chains and usually has either a saturated hydrocarbon chain or one to six double bonds. Saturated fatty acids are long-chain carboxylic acids that usually have 12 to 24 carbon atoms and have no double bonds. Thus, saturated fatty acids are saturated with hydrogen. Most saturated fatty acids are straight hydrocarbon chains with an even number of carbon atoms [16] . It is probably safe to say that saturated fatty acids in nature are not susceptible to biological degradation, and they can be considered as a conservative tracer. 
METHODOLOGY

Location of the study
The location of the study was in Pasir Buncir micro-watershed, Bogor, West Java. Pasir Buncir is a small part of the upstream of Cisadane River watershed and it is depicted in Fig. 1 . The microwatershed stretches from 106° 49' 48'' to Settlement Paddy field Mooriand Mixed plantation Forest 106° 55' 48'' East and from 6° 45' 36'' to 6° 47' 24'' South, with a total area of about 1770 hectares [17] .
Based on soil map produced by Indonesian Soil and Agro-climate Research Center, the soil in the study area is dominated by andosols group that covers almost 92 % of the area and cambisols group that covers less than 8 % of the area. Andosols develop from volcanic origin such as volcanic ash and they are known for their fertility and high porosity. Because of their high porosity, andosols have a high capability to convey water; hence, in general, they are not very sensitive to erosion.
Based on the data collected from the nearest agro-climate station, namely the Pasir Jaya station, about 3 km away from the study location, the average annual rainfall is about 3256 mm with almost even distribution. Rain falls in about nine months each year (September to May). Land uses inside the study area is given in Table 1 . This land use data is very important for sediment sources determination. 
Sampling procedures
Soil samples were collected in transects from all different land uses such as moorland, mixed plantation, and pine forest. In general, the slope of the site exceeds 30° (Fig. 2 ). Soil sample was collected from 0 to 2 cm depth using a corer with a diameter of about 10 cm. Soil and sediment suspension samples were used to evaluate the source of sediment within Pasir Buncir micro-watershed. There were ten soil and sediment suspension samples that were collected from all different land uses and outlets within the micro-watershed. Because the samples would be analyzed for its CSSI contents, they were collected with extra care to prevent any external contamination such as from human sweat [15] . Before sampling, unpowdered nitrile gloves were put on to avoid contamination from hands. Each soil sample had to be mixed well before putting in in a ziploc bag. Before the ziploc bag was sealed, air was expelled from the bag as much as possible by rolling the plastic ziploc bag. The sampling points and their corresponding coordinates are given in Table 2 . 
Preparation of samples for CSSI analysis
Soil and sediment suspension samples were prepared at the Industrial and Environment Laboratory, Center for Isotopes and Radiation Application. This preparation was intended to determine the total organic material (TOM) content in the soil samples. All samples were dried in an oven at a temperature of 40 °C for 2 or 3 days. All collected samples were sieved such that only particles finer than 1 mm would be retained. The retained samples (~ 0.7-1 kg) were separated into two parts in which one part was for CSSI content analysis and the other part was for percentage of total organic matter content determination.
For total organic matter determination, the samples were first dried in a furnace with a temperature about 105 °C then let them to cool down before being weighted and reheated [15] . For CSSI analysis, on the other hand, the samples were heated at 40 °C in an oven, and about 75 grams of each sample was wrapped in a plastic and alumunium foil package. Then, the prepared samples were sent to China Academy of Agricultural and Soil (CAAS) for CSSI analysis using gas chromatograph-isotope ratio mass spectrometer (GC-IRMS).
Derivatization
Fatty acid in soil is an organic acid in natural triglycerides and it is a monocarboxylic acid with atomic bond chain from C4 to C28 or more and normally has a saturated hidrocarbon chain. The fatty acid in soil originates from decayed organic matter and plants, microbial activities, and interaction of plants with fungi. Fatty acids exhibit a polarity that will tend to cause them bind into ionic surfaces such as soil surface. In addition, fatty acids will bind materials in gas chromatography columns.
To overcome this unwanted behavior, fatty acids were substituted by methyl groups (CH 3 ) through a process called derivatization or methylation [12] . Derivatization and methylation processes are processes to convert natural fatty acids into another compound that can be analyzed using gas chromatography. The first step is called derivatization process that is to change the carboxyl groups of fatty acids to their ester groups. The second step is called methylation process that is to change fatty acids ester into fatty acid methyl ester by adding methyl groups and the produce fatty acid methyl ester (FAME). FAME has higher vortality and more stable [18] .
Measurement of saturated fatty acid (FA)
While the FAME was derived from fatty acid through methylation process, the isotope ratio δ 13 C of FAM differed from fatty acids (FA). The relation of the δ 13 C of FA and FAME is given in eq. (1).
x
In (1), x is the proportion of FA in FAME, and it is obtained from the total carbon of FA divided by the total carbon of FAME. The total carbon in added methyl in FAME is relatively very small; hence, x is generally close to 1. In (2), R soil and R std represent carbon isotope ratios 13 C/ 12 C of soil sample and standard, respectively. The international standard for carbon is based on the CO 2 obtained from a Cretaceous belemnite which is called V-PDB (Vienna-Pee De Belemnite) standard.
RESULTS AND DISCUSSION
The δ 13 C of bulk soil, total organic material, and carbon contents for the four different land uses and streambed sediment are given in Table 3 . It can be seen from Table 3 that δ 13 C values of bulk soil range from -42.85 ‰ to -21.76 ‰. The highest value is in the pine forest, and the lowest one is in cultivated with one-season crop land use. The relative total organic material (%C) of soil ranges from 14.81 to 17.66 %. The highest percentage is in the pine forest and the lowest one is in cultivated-with-one-season-crop land use. These phenomena are caused by canopy layer factor [19] . The percentage of ground surface shaded by the leaves or branches in the pine forest is obviously higher than that in other land uses. Pine forests absorbs more carbon than other land uses that makes the δ 13 C of pine forest will be more enriched (higher) than in other land uses. The observed δ 13 C of bulk streambed sediment is within the δ 13 C value range of the four different land uses; this indicates that the four land uses contributed to the streambed sediment. Total organic material conversion in percentage of soil organic carbon (%C) was taken to be 0.47 from total organic material [15] . Soil organic carbon is the carbon associated with organic matter. Soil organic matter is the organic fraction of the soil that is made up of decomposed plant and animal materials as well as microbial organism, but does not include fresh and undecomposed plant materials such as straw and litter lying on the soil surface. Moreover, soil carbon levels are determined by such factors as rainfall, temperature, vegetation, and soil type. In agricultural systems, soil carbon levels tend to vary and depend on management practices [20] . The change in soil organic carbon is determined by the balance of carbon inputs over losses. These phenomena were also observed in this area. Although cultivated land use A and B are both planted with one-season crop, they have significant differences in δ 13 C, %C, and TOM. This significant difference was caused by the fact that the oneseason crop in cultivated land A and land B were different, causing the capability of both cultivated land uses to absorb 13 C from the air differ.
The higher the density of crops in the land, the more 13 C can be absorbed from the air during photosynthesis process. The capability of the crops/plants to absorb 13 C from the air during photosynthesis process will also affect the δ 13 C, %C, and total organic material in the soil. From Table 3 , the linear regression line between δ 13 C and %C was developed with a correlation coefficient R  1 and the equation is δ 13 C = 15.71 %C -152.29 as given in Fig. 3 . This equation indicates that each one unit increase of carbon content in percent will increase the δ 13 C by 15.71 ‰. The δ 13 C values of fatty acids from each land use were determined according to the number of saturated carbon bonds in FAME as appearing in gas chromatogram. The values of δ 13 C of land uses (potential sediment sources) and streambed sediment for various carbon chains of the saturated fatty acids, such as myristic (C14), palmitic (C16), stearic (C18), arachidic (C20), behemic (C22), and lignoceric (C24), have been measured and listed in Table 4 [21] . As the δ 13 C of lignoceric (C24) in the streambed sediment was not detectable and the δ 13 C of behemic (C22) was significantly higher than those values from all other land uses, the δ 13 C of both lignoceric and behemic are not listed in Table  4 . From Table 4 , δ 13 C values of myristic (C14), palmitic (C16), stearic (C18), and arachidic (C20) fatty acids range from -33.56 to -30.26 ‰, -32.98 to -27.45 ‰, -29.23 to -24.12 ‰, and -32.10 to -27.74 ‰, respectively. This result agrees with the work by Zhu, et al., [14] in which they found that saturated fatty acid carbon chains in sediments were C12 to C32. The most significant of these carbon chains were C14, C16, C18, C20, C22, and C24.
In their study, however, the carbon chain of the saturated lignocerid fatty acid in sediment was not detected due to its very low concentration.
As expected, Table 4 shows that the δ 13 C values of streambed sediment are in the range of δ 13 C values of all contributing sources. The fatty acid type is affected by the type of plants; hence, the fluctuations of δ 13 C of C14, C18, C20, and C22 in Table 4 may be caused by farming or management practices and environmental factors such as canopy and altitude differences [18, 19] . 
Sediment contribution derived on the δ 13 C fatty acids
It has been stated in the previous discussion that δ 13 C values of streambed sediment were normally in the range of δ 13 C values of all contributing sources. The contributing sources in this case are all the four land uses. The contribution of each land use to the streambed sediment were determined from eqs. 
In eqs. (3) and (4), the symbols  13 C F-SBS ,  13 C FLU-1 ,  13 C FLU-2 , 13 C FLU-3 , and  13 C FLU-4 represent the δ 13 C values of saturated fatty acid for streambed sediment, land use-1, land use-2, land use-3, and land use-4, respectively. On the other hand, c 1 , c 2 , c 3 , and c 4 are the coefficients of contribution of saturated fatty acids of land use-1, land use-2, land use-3, and land use-4, respectively. Equation (3) has to be applied for all saturated fatty acids under consideration, namely myristic (C14), palmitic (C16), stearic (C18), and arachidic (C20) acids. Equation (3) cannot be solved analytically because of the constraint given in eq. (4). The solution of eq. (3) for all saturated fatty acids for the unknowns c 1 , c 2 , c 3 , and c 4 will be found by minimizing the difference between the right-hand side and the left-hand sides. For this purpose, the relative squared error that is based on (3) for fatty acid i is introduced in the following equation:
For simplification reason, new symbols have been introduced: y i is the δ 13 C value of saturated fatty acid i of streambed sediment, Y i,j is the δ 13 C value of saturated fatty acid i of land use j, and c j is the coefficient of contribution of land use j for all i= 1, 2, 3, 4. Hence, the total error for all saturated fatty acids can be written as in (6) 
The coefficient of contribution of each land use c j (j= 1, 2, 3, 4) will be determined by minimizing (6) subject to (4) . The minimization of the mixing model of (6) subject to (4) has been done using an available software package called IsoSource. IsoSource is a software package that can be used to calculate the contribution coefficient of each land use as a potential sediment sources to streambed sediment. The inputs that are required for this software package are: 1.  13 C values of all saturated fatty acid from all land uses and streambed sediment; 2. proportion of contribution increment; and: 3. mass balance tolerance. On the other hand, the output of this software package is a set of descriptive statistics, i.e., mean, standard deviation, minimum, maximum, and the corresponding histograms of contribution coefficients of sources. In this study, all three sets of required inputs have been provided. The increment was set to 1 % and the mass balance tolerance was set 2.5 ‰. The output is listed in Table 5 and the corresponding histograms was not shown for simplicity reason. From Table 5 , it can be seen that the mean contribution coefficient of fatty acids from land uses to streambed fatty acid are 36.5, 15.2, 5.6, and 42.7 % for land use-1 (cultivated A: one-season crop), land use-2 (mixed plantation), land use-3 (pine forest), and land use-4 (cultivated B: oneseason crop), respectively. Based on these calculated contribution coefficients of fatty acids from land uses, the contribution coefficient of the soil from land uses were determined by considering the %C of each land use as given in Table 3 . The contribution coefficients of soil will be proportional to contribution coefficients of fatty acids divided by percentage of organic carbon and is given in Table 6 . It can be observed from Table 6 that the majority of streambed sediment (over 80 %) was contributed by cultivated land (A and B) , and the least contributor, as expected, was the pine forest (4.98 %). It is observed also from Table 6 that percentage of organic carbon (%C) has no apparent relation with sediment source contribution. This observation indicates that %C alone cannot be used as a fingerprint for ascription of sediment sources.
Validation of IsoSource package results using δ 13 C bulk soil and sediment
The consistency of contribution coefficient of sediment sources (c 1 , c 2 , c 3 , and c 4 ) calculated from IsoSource software package were crosschecked using measured δ 13 C values of soil and streambed sediment. This step is very crucial and important to demonstrate the validity of the mixing model to represent current study. For this validation step, calculated contribution coefficients (c 1 , c 2 , c 3 , and c 4 ) were used to calculate the δ 13 C value of bulk streambed sediment using eq. (7) , which is a rewriting of (3):
  In (7), ( 13 C SBS ) cal is the calculated δ 13 C values of bulk streambed sediment, and  13 C LU-1 ,  13 C LU-2 , 13 C LU-3 , and  13 C LU-4 are δ 13 C values of bulk soil of land use-1, land use-2, land use-3, and land use-4, respectively.
Using the values given in Table 3 for  13 C LU-1 ,  13 C LU-2 , 13 C LU-3 ,  13 C LU-4 , it was found that ( 13 C SBS ) cal = -35.96 ‰. This calculated value is in a very close agreement with the measured value  13 C SBS = -35.8 ‰. This indicates that IsoSource mixing model represents the current study problems very well.
CONCLUSION
The results of relative organic carbon (%), δ 13 C of bulk soil, and δ 13 C of long chain saturated fatty acid component analysis shows that the relative organic carbon (%C) is strongly proportional with the δ 13 C of bulk soil. The δ 13 C value of bulk soil of land use with better canopy layer indicate higher total organic carbon. The δ 13 C values of saturated fatty acids (CSSI) of four different land uses have been shown to be a very effective means to determine the contribution of each land use to the sediment. The contribution of each land use was determined by means of statistical analysis through developed percent frequency versus contribution proportion graph. Based on this CSSI analysis, it is found that of the streambed sediment, approximately 79.2 % is contributed by one-season crop land use, 15.2 % by intercropping land use, and 5.6 % by the pine forest.
